Introduction 55 56
The cultivated apple (Malus domestica) is a complex interspecific 57 hybrid (Korban and Skirvin 1984; Way et al. 1990 ). Its primary wild 58 ancestor has been considered to be Malus sieversii whose range is 59 centered at the border between western China and the former Soviet 60
Union (Hokanson et al. 1997) . Other Malus species which have 61 contributed to the genetic makeup of apple include the wild Caucasian 62 apple (M. orientalis), as well as crabapples from Europe (M. sylvestris), 63 Siberia (M. baccata), Manchuria (M. mandshurica), and China (M. 64 prunifolia) (Janick et al. 1996; Hokanson et al. 1997 ). This theory of the 65 primary ancestor has recently been challenged, however, by Coart et al. 66 types shared by both species were nearly absent from M. sieversii. 69
As with other important fruit crops, it is difficult to determine exactly 70 when the apple was first domesticated, but the Greeks and Romans were 71 growing apples at least 2500 years ago (Hancock 2004) . Ten thousand or 72 more named apple cultivars are documented, yet only a few dozen are 73 grown on a commercial scale world-wide (Janick et al. 1996) . We should 74 also note that the world production of apples is mostly based on two 75 cultivars: 'Delicious' and its red sports, and 'Golden Delicious', with their 76 seedlings making up a high proportion of the new cultivars (Janick et al. Synthesis System (Invitrogen, Carlsbad, CA). The amplified product was 150 cloned into the Bluescript KS+ plasmid. Primers used are given in Table  151 1. 152 'Golden Delicious', which were not present in 'Delicious', which instead 160 showed hybridization to 9.1-kb and 5.0-kb Hind fragments. 161
Hybridization of Pst -digested DNAs to the same probe detected 13.0-kb 162 and 6.5-kb fragments in 'Golden Delicious', but not in 'Delicious', where 163 17.0-kb and 2.5-kb fragments were identified (data not shown). First, the 164 6.5-kb Pst fragment from 'Golden Delicious' was cloned and used for fine 165 et al. 1995; Quiñones et al. 1995), and was designated G-cox1 (Fig.1, see  168 Supplementary Fig.S1 ). 169 RNA blot analysis was carried out using a hybridization probe derived 170 from the G-cox1 coding region. The coding sequence showed hybridization 171 to a transcript of approximately 1.7kb (Fig.2) . To determine whether the 172 G-cox1 mRNA undergoes editing, reverse transcripts were PCR-amplified 173 using primers P5 and P6. Comparison of the cDNA sequences to the 174 genomic sequences revealed the presence of 14 C-to-U editing sites; all 175 editing events modify the identity of the encoded amino acids (Table. 2). It 176
should also be noted that the start codon of the G-cox1 transcript is 177 created by editing. 178 To address the issue, PCR experiments were performed using four 236 primers (primers P1, P2, P3 and P4) which can be annealed to the unique 237 sequences lying outside the 1115-bp repeat (Table1, Fig.1 ). When the two 238 primers P2 and P3 were used with DNAs from four 'Delicious'-type 239 cultivars ('Delicious', 'Hopa Crab', 'Red Astrachan' and 'Cellini'), a 2.8-kb 240 region specific to the G-cox1 arrangement was amplified (Fig.3,  241 Supplementary Fig.S2 ). In addition, PCR experiments using primers P1 242 and P4 allowed the detection of a 1.8-kb signal specific to the reciprocal 243 recombination product (G-φcox1 arrangement) (Fig.3, Supplementary  244 
Fig.S2). 245
Amplification products corresponding to the 1.7-kb amplicon (D-φcox1 246 arrangement) were also obtained when two primers (P3 and P4) were used 247 with DNAs from four 'Golden Delicious'-type cultivars ('Golden Delicious', 248 'Tsugaru' 'Jonagold' and 'Fuji') ( Fig.3, Supplementary Fig.S2 ). generating G-φcox1. This was followed by the occurrence of the 282 above-mentioned mutations in the common region. In the region from -384 283 to +261, as shown in Table 3 (also see Supplementary Fig.S1 ), the G-cox1 experiments were performed using primers P3/P2 for the detection of 425 G-cox1 arrangement, P1/P4 for G-φcox1 arrangement, P1/P2 for D-cox1 426 arrangement, and P3/P4 for D-φcox1 arrangement (see Table 1 and Fig.1 Table 1 and Fig.1 ) . 453
For amplification of cox1 and Φcox1
5'-TGGGGCATTGCTTGTTCTGTTAGGTTC-3' Table 1 List of primers used along with the purpose (see Supplementary Fig.S1 for T→M  246  CCC  P→L  78  TCT  S→F  251  TCC  S→F  82  TCT  S→F  279  ACA  T→I  148  TCT  S→F  393  CAC  H→Y  181  TCA  S→L  465  CGT  R→C  220  TCT  S→F  466  CGT  R→C  236  CGG  R→W  475  TCA  S→L Deduced from the nucleotide sequence of G-cox1 (see Supplementary Fig.S1 ). Table 2   Table 3 Summary of the nucleotide differences detected within the 1115-bp repeat copies. Numbering begins with the first nucleotide of the presumed start codon (+1) of G-cox1. Dashes correspond to positions of gaps inserted to optimize alignment. D-cox1-unique nucleotide substitutions are boxed 
